Introduction
In recent years, dramatic increases of fossil fuel consumption and environmental pollution have already become severe challenges, so it is urgent to develop sustainable energy storage and conversion devices. Widely regarded as clean energy-storage devices, supercapacitors have attracted great attention due to their rapid charging and discharging, high power density and long-term cycling stability. [1] [2] [3] Generally, based on the energy storage mechanisms, there are two types of energy storage devices, i.e. electrical double layer capacitors (EDLCs) and pseudocapacitors. 4, 5 EDLCs store energy through fast reversible adsorption and desorption of ions on the electrode and electrolyte interface, [6] [7] [8] [9] and pseudocapacitors do so relying on fast redox reaction on the surface of electrode materials. 10, 11 Electrode materials affect the performance of electrochemical capacitors.
Numerous electrode materials with high energy densities, such as NiO, 12 RuO 2 , 13 Co 3 O 4 14 and MnO 2 , 15 have been developed. Among various transition metal oxides, manganese oxides are promising electrode materials, mainly due to large potential window, low cost and environmental friendliness.
However, the poor electrical/ionic conductivity and cycling stability of manganese oxides still limit their potential applications, 16 which has been overcome by fabricating materials with hollow microstructures. Such attractive structures not only provide more active faradaic sites but also facilitate the transport of electrons and electrolyte ions.
In addition, materials with hollow microstructures have been applied in Li-ion batteries and supercapacitors due to large surface area, low density, and tunable architecture. At present, hollow structures have generally been prepared by the template method. Various templates (carbon spheres, 17, 18 polystyrene spheres, 19 cuprous oxide, etc.
20,21
) have been developed to synthesize different hollow metal oxides, involving tedious template preparation and removal procedures though. Therefore, it is desirable to develop a facile approach to prepare metal oxides with hollow structures.
Metal-organic frameworks (MOFs) have attracted much interest owing to large surface area and porosity, thus having become promising candidates for catalysis, 3 ] (1 mmol, 0.2212 g) was dispersed into 50 mL of ethanol, and 0.1 mmol NaOH (0.004 g) was dissolved in 20 mL of ethanol and then added to the precursor solution with constant stirring. The mixture was transferred into a 100 mL autoclave and heated at 120 C for 6 h. The nal products were washed with deionized water and dried in an oven at 80 C for 12 h. 3 ] (0.1 mmol, 0.0221 g) were dispersed in 50 mL of ethanol, and 0.2 mmol NaOH (0.008 g) was dissolved in 20 mL of ethanol and then added to precursor solution with constant stirring. The mixture was transferred into a 100 mL autoclave and heated at 120 C for 24 h. The products were washed with deionized water and dried in an oven at 80 C for 12 h.
Synthesis of Mn 3 O 4 solid nanospheres

Characterizations
Powder X-ray diffraction (XRD) was carried out to examine the phase of the samples using a Bruker D8 X-ray diffractometer equipped with Cu-Ka radiation (l ¼ 1.5418Å) ranging from 10 to
80
. The morphologies and microstructures of the samples were characterized by scanning electron microscopy (SEM, Hitachi, S-4800H) and transmission electron microscopy (TEM, JEOL, JEM-2010F). Fourier transform-infrared spectroscopy (FT-IR) was carried out on a BRUKER EQUINOX55 instrument. X-ray photoelectron spectra (XPS) were measured on Thermo ESCALAB 250 Xi instrument.
Electrochemical measurements
Electrochemical performances of the Mn 3 O 4 products were conducted using a three-electrode cell. . Pt electrode and saturated calomel electrode (SCE) electrode were regarded as the counter and reference electrodes, respectively. All electrochemical measurements were performed at room temperature using an electrochemical workstation (CHI660D Chenhua, China) in a conventional three-electrode cell in 1 M Na 2 SO 4 solution. Cyclic voltammetry (CV) was carried out at different scan rates ranging from 5 to 50 mV s À1 in the potential window of À0.2 to 0.8 V. The galvanostatic chargedischarge (GCD) curves were measured at different current densities within the potential window between À0.2 and 0.8 V.
Electrochemical impedance spectroscopy (EIS) was conducted at a frequency range of 10 5 to 10 À2 Hz.
Results and discussion 34 Mn 2+ reacted with formic acid neutralized by methylamine in ethanol solution at room temperature. The obtained precursors were characterized by XRD. As shown in Fig. 1b , all the diffraction peaks correspond to the simulated results, indicating they were single-phase products. The morphology of precursor was investigated by low-magnication SEM (Fig. 1c) . The precursor had cubic shape and an average size of about 2 mm, and the surface was smooth.
In the next step, Mn 3 O 4 was obtained by alkaline-solution treatment of the precursor under hydrothermal condition. According to the XRD results (Fig. 2) , all the diffraction peaks can be well indexed to the tetragonal phase of Mn 3 O 4 (space group I4 1 /amd) with JCPDS card no. 01-1127, indicating high purity of the samples. Note that all the diffraction peaks of the products are signicantly broaden in width and weaken in intensity, suggested that the as-obtained Mn 3 O 4 are essentially constructed with nanosized primary crystallites. Additionally, the chemical compositions of the products were also analyzed by XPS. As shown in Fig. 3a and b, the main peaks located at 284.9, 530.1 and 641.0 correspond to C 1s, O 1s and Mn 2p, respectively. The Mn 2p spectra (Fig. 3c) Moreover, in the O 1s spectra (Fig. 3d) The morphologies and microstructures of the products were characterized by SEM and TEM. SEM images (Fig. 4a) show that Mn 3 O 4 hollow microcubes inherit the cubic shape of precursor with the average size of about 2 mm. Moreover, inset of Fig. 4a reveals the porous structure of hollow microcubes. TEM images ( Fig. 4b and c) ions diffused outward to maintain this reaction. Then the precursor microcubes were gradually depleted, followed by growth of the Mn(OH) 2 shell. The ion exchange reaction was veried by FT-IR analyses (Fig. S1 †) . In the FT-IR spectrum of precursor, the dominant peaks located at 1350 and 1600 cm À1 were attributed to HCOO À . The broad peaks located at 2865 and 3112 cm À1 were attributed to C-H and C-N stretching, respectively. 34 Aer NaOH treatment, the peaks of HCOO À , C-H and View Article Online C-N were decreased obviously, while OH À peak (3500 cm À1 ) was appeared in the FI-TR spectrum of the product. 3 ] to NaOH was kept at 10 : 1 and the hydrothermal reaction time was prolonged to 12 h, the product was still pure Mn 3 O 4 ( Fig. S2 †) . However, Mn 3 O 4 hollow microcubes were partly broken with the shell thickness increased (Fig. S3 †) . When the molar ratio was changed to 1 : 2 and the reaction time was 6 h, Mn 3 O 4 nanoparticles were obtained (Fig. S4 †) . As the reaction time was then prolonged to 24 h, Mn 3 O 4 solid nanospheres with larger sizes were generated instead. SEM image (Fig. 5a ) shows that Mn 3 O 4 solid nanospheres are randomly arranged into a cluster with coarse surface, and the average diameter is about 300 nm. TEM images (Fig. 5b and c) display the solid nanospheres consist of numerous nanoparticles, evidencing the formation of Mn 3 O 4 solid nanospheres through the assembly of small nanoparticles. HRTEM image (Fig. 5d ) presents that the lattice spacings are about 0.27 and 0.30 nm, which can be assigned to the (103) and (112) planes of Mn 3 O 4 respectively. Based on the above results, we propose the formation mechanism for the Mn 3 O 4 hollow microcubes and solid nanospheres with secondary structures. As the alkaline solution is insufficient rstly, Mn(OH) 2 specic capacitances can be calculated from the discharge curves according to the following equation:
where I is the discharge current density, m is the mass of active materials, Dt is the discharge time (s), and DV is the voltage window (V). As shown in Fig. 6c and 56% of the specic capacitances were retained respectively. Obviously, the specic capacitance of Mn 3 O 4 hollow microcubes was higher than that of solid nanospheres, mainly because the formers had more active sites that facilitated the transport of electrons and electrolyte ions. The long-term cycling stability of Mn 3 O 4 hollow microcubes and solid nanospheres is shown in Fig. 6d . The specic capacitance of Mn 3 O 4 solid nanospheres remained in the rst 3000 cycles and decreased slightly over the next 5000 cycles. The specic capacitance of Mn 3 O 4 hollow microcubes increased slightly in the rst 5000 cycles and decreased slightly over the next 3000 cycles. The results can mainly be ascribed to the activation of electrode materials, as the electrolyte needed time to penetrate their inner space.
41
EIS was performed to evaluate the electrochemical performances of the two Mn 3 O 4 electrodes with different morphologies. As exhibited in Fig. 7 , the two depressed semicircles in the high-frequency region correspond to the resistances of electrolyte. The resistances of Mn 3 O 4 hollow microcubes and solid nanospheres were 1.43 and 1.76 U, respectively, revealing that the formers had higher electron transfer ability. A straight line in the low-frequency region represented the Warburg impedance, as the electrolyte diffusion into electrode materials. Since Mn 3 O 4 hollow microcubes exhibit a more vertical line than Mn 3 O 4 solid nanospheres do, the formers had lower diffusive resistance. In short, the better electrochemical performance of Mn 3 O 4 hollow microcubes can be attributed to the more active sites and lower diffusive resistance. We compared the electrochemical performance of Mn 3 O 4 hollow microcubes and solid nanospheres with the reported Mn 3 O 4 based electrode materials especially taking into consideration the existence of additional carbon modica-tions, which are listed in Table S1 . † [42] [43] [44] [45] [46] The comparison further suggests that the Mn 3 O 4 hollow microcubes and solid nanospheres exhibit improved electrochemical performance with better capacitance and excellent cycling stability.
Conclusions
In summary, we reported a facile strategy to prepare two Mn 3 O 4 products with different morphologies from an MOF template. When used as supercapacitor electrode materials, Mn 3 O 4 hollow microcubes and solid nanospheres had high specic capacitances of 176 F g À1 and 150 F g À1 respectively at a current density of 0.3 A g
À1
, and the specic capacitance retentions were 95% and 86% respectively aer 8000 charge-discharge cycles at a current density of 2 A g À1 . Mn 3 O 4 hollow microcubes had higher specic capacitance than that of Mn 3 O 4 solid nanospheres, because the formers had more active sites and lower diffusive resistance. The fabricated Mn 3 O 4 hollow microcubes and solid nanospheres are promising for supercapacitor applications.
